The aim of the study was to determine the scavenging capacity of aqueous and ethanolic extracts derived from the herb of two species of Galinsoga against NO and ONOO -. In both tests the aqueous extracts of both Galinsoga species were more active than the ethanolic extracts. The highest scavenging activity against NO, and also against ONOO -was shown by G. quadriradiata aqueous extract (SC50±SD=1.54±0.32, and 2.10±1.98, respectively). The study showed that the activity of the extracts from both Galinsoga species is related not only to the presence of flavonoids but also to caffeic acid derivatives and caffeic acid. The results of this study partly explain the beneficial effects of Galinsoga herb extracts in the treatment of skin diseases.
Although free radicals play many important roles in physiological processes, an increase in their level may lead to numerous diseases and accelerated aging. Nitrosative stress is associated with elevated levels of reactive nitrogen species (RNS) such as nitric oxide (NO) and peroxynitrite (ONOO -). While an excess of NO is efficiently removed by the direct reaction with oxygen and is converted into harmless nitrogen dioxide, the activation of synthase peroxide in the presence of nitrogen oxide results in the conversion of NO to peroxynitrite. ONOO -, despite its very short half-life, is a very strong oxidant that can cause damage to almost all biologically active molecules present in the body. High level of RNS may contribute to diseases of the heart and blood vessels, inter alia heart failure and myocardial infarction, neurodegenerative diseases, diabetes and complications related to diabetes, and lead to inflammation throughout the body. Reactive nitrogen species also play a significant role in physiological processes in skin cells, but as well can lead to skin diseases. The increase in activity of inducible NO synthase (iNOS) in cells, such as keratinocytes, dermal fibroblasts, melanocytes and melanoma cells results in an increase of inflammatory cytokines. Keratinocytes also include constitutive NOS, which is activated by exposure to UVB radiation. High concentrations of NO may also contribute to an increase in concentration of peroxynitrite. Sunburn is the most explored skin disorder, wherein peroxynitrite plays a major role. Other diseases caused by the increased concentration of RNS are: atopic and irritant contact dermatitis, acute urticaria, lupus erythematosus, systemic sclerosis, Steven-Johnson syndrome, toxic epidermal necrolysis, erythema sunburn, leg ulcer, burn injury, tinea pedis, molluscum contagiosum, and leprosy [1] [2] [3] .
Galinsoga quadriradiata Ruiz et Pav (G. ciliata Raf. Blake) and G. parviflora Cav. belong to the Asteraceae family, and originate from the Andes region. The chemical composition, activity and use of both species tend to be similar. Among other compounds as the main components of Galinsoga herb, flavonoids, phenolic acids and derivatives of phenolic acids are described. Galinsoga herb is applied topically as an anti-inflammatory. Extracts from this plant are used in traditional medicine for skin problems, dermatological diseases, eczema, and difficult-to-heal wounds. Such applications have been partly explained in the course of in vitro studies -the extracts inhibit the activity of cyclooxygenase 1 (COX1), and inhibit the expression of COX2 and iNOS. Research on Brazilian medicinal plants has shown that an extract from the leaves of G. parviflora accelerates the healing of wounds. The researchers showed this, inter alia, by means of the "scratch assay" test. Moreover, extracts showed moderate antibacterial activity against Gram-positive bacteria, and antioxidant activity against synthetic radicals and reactive oxygen species [4] .
The aim of this study was to determine the scavenging capacity of aqueous and ethanolic extracts derived from the herb of two species of Galinsoga against NO and ONOO -, because of the important role of RNS in the etiology of skin diseases. Standardized extracts by determining the content of flavonoids, and the sum of caffeic acid derivatives (caffeoyl glucarates and caffeoyl quinic acids) and caffeic acid were used.
The tested extracts showed activity in a concentration-dependent manner, but only in the case of G. parviflora did the ethanolic extract show strong positive correlation (according to RoemerOrphal scale) (Spearman's Rank Order Correlation Coefficient r s =0.88*; p<0.05). In both tests the aqueous extracts of both Galinsoga species were more active than the ethanolic extracts ( Table 1 ). The highest scavenging activity against NO, and also against ONOO -was shown by G. quadriradiata aqueous extract (SC50±SD=1.54±0.32, and 2.10±1.98, respectively). Interesting is the fact that the activity of G. parviflora aqueous extract in its scavenging capacity of RNS is similar to that of G. quadriradiata ethanolic extract. Because iNOS produces NO for comparatively long periods [3] , the scavenging of NO was determined in time (30 min). During the determination, the NO scavenging capacity of the tested extracts decreased, not dramatically, but in a statistically significant manner. In this study, only the activities of G. parviflora ethanolic extract at a concentration of 2 µg/mL and G. quadriradiata aqueous extract at 10 µg/mL did not decrease in a statistically significant manner. The decreases in the activity of the tested extracts at a concentration of 10 µg/mL are shown in Figure 2 .
The last part of the study was an analysis of an interaction between the content of compounds and the activity of the tested extracts. Analysing the interaction only in the case of G. parviflora ethanolic extract, a strong positive correlation was observed (r s =0.88*; p<0.05). The same correlation was observed for the content of flavonoids, the content of caffeic acid derivatives and caffeic acid, as well as the content of the sum of polyphenols. The results are shown in Figure 3 .
The study showed that the activity of the extracts from both Galinsoga species is related not only to the presence of flavonoids but to caffeic acid derivatives and caffeic acid. While the activity between species is statistically different, the differences in contents of compounds between the ethanolic extracts and aqueous extracts from both species are not significant (Tables 2 and 3 ).
The tested extracts, especially the aqueous ones of both tested species, demonstrated interesting antioxidant activity against reactive nitrogen species. The results of this study partly explain the beneficial effects of Galinsoga herb extracts in the treatment of skin diseases. ns-not significant (p0.05); *-significant at p0.05; **-significant at p0.01; ***-significant at p0.001
Galinsoga sp. activity against reactive nitrogen species Natural Product Communications Vol. 10 (11) 2015 1827 The raw materials were ground and extracted. To about 16 g of raw material, accurately weighed, 300 mL of solvent (water or ethanol) was added, and all samples were kept under reflux on a water bath for 1 h. The process was repeated 3 times, and then extracts were filtered under vacuum through filter paper with an average speed of filtration on a Büchner funnel. Ethanol was evaporated from the ethanolic extracts in a LABORANTA 4000 WB Heidolph evaporator, and the residue was suspended in 400 mL of water. All the resulting extracts were lyophilized using a laboratory freezedryer Cryodos (Telstar, Terrassa, Spain). After lyophilisation, the residue of each extract was separately pulverised and carefully mixed.
The extracts were standardized for their content of flavonoids, and the sum of caffeic acid derivatives (caffeoyl glucarates and caffeoyl quinic acids) and caffeic acid using an HPLC method [5] .
Chemicals: 4,5-Diaminofluorescein (DAF-2), luminol and 3-morpholinosydnonimine hydrochloride (SIN) were purchased from Sigma-Aldrich Chemie GmbH (Steinheim, Germany), ethanol 96° p.a. and sodium nitroprusside (SNP) from POCH (Gliwice, Poland), and ascorbic acid from Carl Roth GmbH (Karlsruhe, Germany).
Evaluation of RNS scavenging activity: Scavenging of nitric oxide (NO • ) was examined using the method of Chung et al. [6] modified by Czerwińska et al. [7] . Fifty µL of extracts dissolved in PBS were mixed with 50 μL of SNP solution (10 mM), 50 μL PBS and 50 μL of DAF solution in PBS (12.5 μM) in a black 96-well plate. Changes of fluorescence (λ excitation = 495 nm, λ emission = 515 nm) were measured, at 37ºC, over a 30 min period at intervals of 5 min. Scavenging of peroxynitrite (ONOO -) was examined using the method of Van Dyke et al. [8] modified by Czerwińska et al. [7] . Fifty µL of extracts dissolved in PBS were mixed with 50 μL of luminol (1mM), 50 μL of PBS, and 50 μL of morpholinosydnonimine hydrochloride (SIN) solution in PBS (5 mM) in a white 96-well plate. The oxidation of luminol by peroxynitrite was measured at 37ºC.
Extract concentrations of 2, 5, 10, 20, 50 μg/mL were used. All determinations were measured using a microplate reader, SYNERGY 4 (BioTek, Winooski, USA). The percentages of scavenging activity were calculated in comparison with the control without test extracts. Ascorbic acid solution (1 μg/mL) was used as a positive control.
Statistical analysis:
The results were expressed as a means ± SEM. The SC50 values of tested extracts were calculated based on concentration-inhibition logarithmic curves. Statistical significance of differences between means was established by ANOVA with Tukey's or Duncan post hoc test. P values below 0.05 were considered statistically significant. All analyses were performed using Statistica 10.
